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ABSTRACT 

T h i s  memorandum d i s c u s s e s  some of t he  p r e l i m i n a r y  

L Y Y . , % A Y U  y 1 p q i 1 1  t.4 cf t h e  S i ~ ~ x v r q ~ ~ p  mios- j=yl  2nd t h z i y  y s l a t r o i ~ s ~ - , i p  

to an  Apollo l u n a r  l and ing .  The  conf idence  i n  t h e  i n t e g r i t y  

of t h e  l u n a r  s u r f a c e  a t  t h e  Surveyor I and I11 s i t e s  to 

suppor t  a LM and walking a s t r o n a u t s  has g r e a t l y  inc reased .  

However, complete confidence does not y e t  ex i s t  such 

t h a t  a l l  problems a s s o c i a t e d  w i t h  t h e  s u r f a c e  i n t e r a c t i o n  of 

t h e  LM descent  engine exhaust  can be p r e d i c t e d .  The suc-  

c e s s f u l  s t a t i c  f i r i n g  of t h e  v e r n i e r  engines  on f u t u r e  

Surveyor miss ions  must therefore , remain  a primary o b j e c t i v e .  
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MEMORANDUM FOR FILE 

INTRODUCTION 

DATE: June 19, 1967 

FROM: F. N. Schmidt 

The Sur~reynr  III spacec ra f t  l a n i e i  c)n t h e  e a s t e r n  
s l o p e  of a shal low c r a t e r  approximately 200 m i n  d iameter  and 
17 m deep, coming to r e s t  on a 14" s l o p e .  The l and ing  p o i n t  
i s  l o c a t e d  i n  a cand ida te  Apollo s i t e  i n  s o u t h e a s t  Oceanus 
Procel larum having approximate c o o r d i n a t e s  of 3 .0°S ,  23.5"W. 
The g e n e r a l  a r e a  i s  moderately smooth mare m a t e r i a l ,  e x h i b i t i n g  
c l u s t e r s  of c r a t e r s  somewhat eroded i n  appearance,  p o s s i b l y  
a s s o c h t e d  w i t h  r a y s  from Copernicus. The c h a r a c t e r  of cL- b I I C  

s u r f a c e  i s  q u i t e  s imi l a r  to t h a t  p r e v i o u s l y  seen  by Surveyor I, 
Luna 9, and Luna l3.* 

LANDING SEQ.UENCE 

An involved sequence of e v e n t s  w i t h i n  the  f l i g h t  
c o n t r o l  subsystem, p o s s i b l y  i n i t i a t e d  by a n  anomalous coherent  
r a d a r  r e f l e c t i o n  from t h e  l u n a r  s u r f a c e  d u r i n g  t h e  f i n a l  
seconds b e f o r e  touchdown, caused Surveyor I11 to i n i t i a l l y  
impact t h e  l u n a r  s u r f a c e  w i t h  the  v e r n i e r  engines  on. The 
c l o s e  ba lance  between t h e  weight of t h e  s p a c e c r a f t  i n  a 1/6 g 
f i e l d  and t h e  minimum t h r u s t  l e v e l  of t h e  v e r n i e r  engines  
allowed the  s p a c e c r a f t  to rebound. It remained o f f  t h e  s u r f a c e  
for 24 seconds be fo re  re- impact ing the  s u r f a c e  a second t i m e .  
The s p a c e c r a f t  a g a i n  rebounded, remaining o f f  t h e  s u r f a c e  f o r  
an  a d d i t i o n a l  12  seconds p r i o r  to i t s  f i n a l  f ree  f a l l  impact 
a t  about 5 f p s  v e r t i c a l  v e l o c i t y .  

The s p a c e c r a f t  landed w i t h  foo tpad  2 f a c i n g  u p h i l l .  
S ince  i t  bounced s l i g h t l y  a f t e r  its f i n a l  impact,  g r a v i t y  
c a r r i e d  t h e  s p a c e c r a f t  s l i g h t l y  downhil l  du r ing  t h i s  p e r i o d .  
An impr in t  of footpad  2 i s  v i s i b l e  about  one f o o t  u p h i l l  from 
i t s  r e s t e d  p o s i t i o n  ( a  p o r t i o n  of an  impr in t  i s  a l s o  v i s i b l e  
n e a r  footpad  3 ) .  T h i s  f o r t u i t o u s  s i t u a t i o n  a l lows  us  to view 
a Surveyor footpad  imprint  i n  remarkable d e t a i l .  The waffle 

*Surveyor I and Luna 13 a l s o  landed i n  Oceanus Procel larum. 
Luna 9 may have landed i n  e i t h e r  Oceanus Pr;ocellarum or nearby 
h igh lands .  
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p a t t e r n  a s s o c i a t e d  w i t h  t h e  honeycomb s t r u c t u r e  on t h e  bottom 
of t h e  footpad i s  c l e a r l y  v i s i b l e ,  t h u s  i n d i c a t i n g  t h a t  t he  
m a t e r i a l  i s  f i n e  gra ined  and capable  of r e t a i n i n g  t h e  impr in t  
p a t t e r n .  

Analysis  of photographs obta ined  from panoramic TV 
surveys  has  r evea led  the  d e f i n i t e  l o c a t i o n  of t h e  footpad  
impr in t s  a s s o c i a t e d  w i t h  t h e  second impact of t h e  s p a c e c r a f t .  
A l l  t h r e e  footpad l o c a t i o n s  a re  d i s c e r n i b l e  a s  w e l l  a s  t h e  
double imprint  of footpad 2 ,  p r e d i c t a b l e  by s t r a i n  gage d a t a .  
C o r r e l a t i o n  of a t r e n c h - l i k e  depress ion  w i t h  t h e  s u r f a c e  
i n t e r a c t i o n  of verniw engine #3 h=rs a l s o  been made. It should 
be noted,  however, t h a t  t he  r e s u l t s  of a sudden change i n  
p re s su re  p r o f i l e  (engine  shut -of f  ,rear t he  s u r f a c e )  and subse-  
quent release of t h e  gas  p re s su re  b u i l t  up i n  t h e  pores  of t h e  
s o i l  would no t  be a v a i l a b l e .  Vacuum chamber t e s t s  have i n d i -  
ca t ed  t h a t  t h i s  form of e ros ion  p r e s e n t s  the  g r e a t e s t  p o s s i b l e  
hazard t o  Apollo. 

DEPOSIT OF LUNAR MATERIAL ON SPACECRAFT 

The a r e a  causing t h e  most concern i s  a s s o c i a t e d  w i t h  
a g l a r e  problem observed e a r l y  i n  t h e  mission when photo- 
graphs  were taken  i n  t h e  genera l  d i r e c t i o n  of t h e  morning sun. 
R e f l e c t i o n  of t h e  sun o f f  t h e  mi r ro r  onto t h e  v e r t i c a l l y  
mounted v id i con  was observed i n  Surveyor I ;  however, t h e  
image of t h e  sun was w e l l  de f ined .  On Surveyor I11 a r a t h e r  
~ ~ Y ~ L L  def ined  g l a r e  a r e a  was a l s o  observed but  i t  seems to be 
a s s o c i a t e d  w i t h  a depos i t  of fo re ign  m a t e r i a l  or su r face  
a b r a s i o n  a s  w e l l  a s  sun r e f l e c t i o n  o f f  t h e  mirror. The a u t h o r  
f e e l s  t h a t  t h e  e f f e c t  i s  poss ib ly  a s s o c i a t e d  w i t h  t h e  r e f l e c -  
t i o n  of exhaust  gases  o f f  t h e  l u n a r  s u r f a c e  d u r i n g  one of t h e  
impacts ,  when t h e  v e r n i e r  engines were on. P r i o r  to launch,  
t h e  m i r r o r  was o r i e n t e d  t o  look a t  t h e  footpad 3 a r e a  and 
would be s u s c e p t i b l e  to impingement of exhaust  gas o r  m a t e r i a l  
from t h e  l u n a r  s u r f a c e .  

..,.ll 

A few p a r t i c l e s  of f o r e i g n  m a t e r i a l  a l s o  appear  on 
t h e  f i l t e r  wheel assembly. Since t h e  f i l t e r  wheel i s  exposed 
from l i f t - o f f ,  t h e s e  few p a r t i c l e s  should not n e c e s s a r i l y  be 
t aken  a s  l u n a r  s u r f a c e  m a t e r i a l .  

Narrow angle  photographs were t aken  t o  determine i f  
any l u n a r  m a t e r i a l  had been depos i ted  on the  footpad dur ing  
t h e  l a n d i n g  sequence. Examination of the  photographs shows 
t h a t  p a r t i c l e s  indeed have been depos i t ed  and t h e y  can be 
r e l a t e d  to t h e  v e r n i e r  engine i n t e r a c t i o n  w i t h  t h e  s o i l  s i n c e  
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t h e  l and ing  l e g  s t r u c t u r e  appears  t o  have s h i e l d e d  t h e  forward 
p o r t i o n  of t h e  footpad  from r e c e i v i n g  any m a t e r i a l .  
i s  not  covered w i t h  m a t e r i a l ,  but many d i s t i n c t  p a r t i c l e s  a r e  
c l e a r l y  v i s i b l e .  

The footpad  

SOIL MECHANICS SURFACE SAMPLER OPERATIONS 

The s u r f a c e  sampler o p e r a t i o n s  were of g r e a t  i n t e r e s t  
to Apollo.  S t a t i c  b e a r i n g  tes t s ,  dynamic b e a r i n g  tests,  and 
t r e n c h i n g  o p e r a t i o n s  were performed. I n  a d d i t i o n ,  s o i l  c l o d s  
and rocks  were moved. The maximum d e p r e s s i o n  ob ta ined  by  e i t h e r  
the s t a t i c  OF dynamic hea.ping tests ~ 2 s  less t h a n  2 inches .  
During s t a t i c  t es t s ,  a maximum f o r c e  of about  8 lbs was a p p l i e d  
over  a s u r f a c e  of 2 sq. i n .  Associated w i t h  many o f  t h e  b e a r i n g  
tests i s  a r a d i a t i n g  f r a c t u r e  p a t t e r n  i n  the  ve ry  t h i n  l a y e r  
of s u r f a c e  m a t e r i a l .  

Trenching o p e r a t i o n s  were conducted to a maximum 

de te rmina t ion  of s u r f a c e  sampler motor c u r r e n t  d a t a ,  which 
would have  provided a q u a n t i t a t i v e  measurement t h a t  could have 
been c o r r e l a t e d  to s u r f a c e  s t r e n g t h .  However, d i f f i c u l t y  i n  
be ing  a b l e  to r e t r a c t  t h e  mechanism d u r i n g  d igg ing  o p e r a t i o n s  
i n d i c a t e d  t h a t  t h e  s t r e n g t h  of t h e  m a t e r i a l  was i n c r e a s i n g  
w i t h  depth .  Although no l a y e r i n g  was observed,  t h e  m a t e r i a l  
below the  v i s i b l e  s u r f a c e  is  c o n s i s t e n t l y  d a r k e r  than  t h e  
und i s tu rbed  m a t e r i a l .  A s t a t i c  b e a r i n g  t e s t  was conducted a t  
t h e  bottom of one of t h e  f o u r  t r enches ;  a l l  t h a t  could be 
i n i t i a l l y  observed was a s l i g h t  dep res s ion  and a smoothing 
out  of  t he  clumpy material. Since t h e  s i d e  w a l l s  of t h e  
t r e n c h e s  were q u i t e  s t a b l e ,  t h e  e s t i m a t e  of t h e  minimum va lue  
f o r  t h e  cohesion of t h e  l u n a r  s o i l  has  inc reased  to about  
.05 p s i .  Observat ions of s o i l  sampler o p e r a t i o n s  have a l s o  
i n d i c a t e d  t h a t  t h e  s o i l  i s  predominantly incompress ib le .  

nmn+v;rr  1 c l n n ~ r n m C n i 4  C h n  d e p t h  of about 7 inches .  Scrambled t e l  LULL V I  y p l  L v L-II u c u  ~ L I C  

Three  r o c k - l i k e  p i eces  of l u n a r  m a t e r i a l  were picked 
up by t h e  s u r f a c e  sampler .  It was confirmed t h a t  one was 
a c t u a l l y  a rock  s i n c e  t h e  sur face  sampler was unable  to c rush  
i t  between t h e  bucket edge and t h e  door when a p r e s s u r e  of 
from 200-300 p s i  was a p p l i e d .  One of t he  p i e c e s  was d e f i -  
n i t e l y  a c l o d  of m a t e r i a l ,  while t h e  o t h e r  was d e p o s i t e d  on 
t h e  footpad  a long  w i t h  o t h e r  l u n a r  s o i l  and no a t tempt  was 
made to crush  i t .  

IMPLICATIONS OF SURFACE SAMPLER OPERATIONS 
ON ? VERNI  

P r i m a r i l y  due to e a r l y  problems w i t h  t h e  f l i g h t  c o n t r o l  
subsystem and the  14" s p a c e c r a f t  t i l t ,  no e r o s i o n  experiments  
were performed. 
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P r i o r  to t h e  Surveyor I11 miss ion ,  however, i t  had 
been  planned to f i r e  t h e  vernier;  eng ines  for 1/2 second. A s  
a r e s u l t  of t h e  s u r f a c e  sampler o p e r a t i o n s  on Surveyor 111, 
i n d i c a t i n g  t h a t  th? es t ima ted  minimum va lue  of cohes ion  has  
inc reased ,  i t  i s  now f e l t  t h a t  a f i r i n g  of  from 5 - 10 seconds 
would be n e c e s s a r y  b e f o r e  a r e a c t i o n  would be n o t i c e a b l e .  The 
m a t e r i a l  would, i n  a l l  l i k e l i h o o d ,  e j e c t  i n  clumps r a t h e r  
t han  i n  d i s c r e t e  p a r t i c l e s .  

Another reason  f o r  i nc reas ing  t h e  f i r i n g  t ime i s  
due to t h e  f i n e  g r a i n  s i z e  of t h e  m a t e r i a l .  A f i r i n g  t ime of 
1/2 second would not  cause t h e  p r e s s u r e  p r o f i l e  to b u i l d  up 
t.0 a d e p t h  t h a t  wsuld czL'irse a i-iotlceable r e a c t i o n  when t h e  
engines  a r e  s h u t  off. 

CONCLUSIONS 

P re l imina ry  a n a l y s i s  of t h e  d a t a  r e t u r n e d  from the  
Surveyor I11 miss ion  has  g r e a t l y  inc reased  t h e  conf idence  i n  
t h e  a b i l i t y  of t h e  l u n a r  surface t o  suppor t  t h e  LM, a s  wel l  
a s  t he  a s t r o n a u t s ,  i n  Oceanus Procel larum. 

Even though we have l e a r n e d  a g r e a t  d e a l  about t h e  
l u n a r  s o i l  p r o p e r t i e s  from the  two s u c c e s s f u l  Surveyor  miss ions ,  
complete conf idence  does y e t  e x i s t  t ha t  a.11 problems a s s o c i a t e d  
w i t h  t h e  s u r f a c e  i n t e r a c t i o n  of t h e  LM descen t  engine exhaust  
can be p r e d i c t e d .  A s  a resu l t ,  t h e  s u c c e s s f u l  s t a t i c  f i r i n g  
of t h e  v e r n i e r  engines  on f u t u r e  Surveyor miss ions  must remain 
a pr imary o b j e c t i v e .  

Recent work a t  JPL has r e s u l t e d  i n  a b e t t e r  under- 
s t a n d i n g  of t h e  u s e f u l  da t a  t h a t  can be ob ta ined  from an 
a t t i t u d e  j e t  experiment .  It i s  a l s o  recognized t h a t  a s t a t i c  
v e r n i e r  engine  experiment poses a h i g h e r  r i s k  of p o s s i b l e  
s p a c e c r a f t  d e s t r u c t i o n  than  does an a t t i t u d e  j e t  experiment .  
It is  t h e r e f o r e  recommended t h a t  bo th  exper iments  be cons idered  
t o g e t h e r  and t h a t  t h e  a t t i t u d e  j e t  experiment be performed 
p r i o r  to t h e  v e r n i e r  engine experiment.  T h i s  would s e r v e  a 
twofold Durpose, f i rs t  to supply d a t a  t h a t  could p o s s i b l y  
al low a b e t t e r  
and, secondly,  
t h e  sub systems 

1012-FNS-hjt 

s e l e c t i o n  of f i r i n g  time for t he  v e r n i e r  engines  
t o  a l low engineer ing  i n t e r r o g a t i o n  of some of 
needed for t h e  v e r n i e r  engine f i r i n g .  

F .  N .  Schmidt 


